Abstract-For a quadruped robot to implement steady moving on horizontal planes, avoiding the impact against the ground, a foot trajectory planning method underling low contact impact was presented. At first, kinematic model of the quadruped robot though D-H algorithm have been established. Then, the foot trajectories, which are continuous not only in displacements and velocities but also in accelerations, was scheduled based on the walking gait. Lastly, the steering and straight line movements of the robot were simulated, simulation experiments show that the quadruped robot motion stably on horizontal planes without impact and sliding.
INTRODUCTION
As an integral part of the mobile robot, legged robot is gradually becoming the hotspot. With its discontinuous support motion and good performance in capacity, mobility and versatility, quadruped robot, such as BigDog [1] and HyQ [2] has great potential for applications in a complex environment. According to the nature of the stability, the gait of quadruped robots are classified into static gaits and dynamical gaits. Static gaits focuses on stability, whereas dynamical gaits focuses on fast and efficient [3] . Recently, a large number of control method, such as floating-base inverse dynamics control and predictive force control introduced in [4] , have been proposed to control quadruped robots walking over non-perceived obstacles and rocky terrain. For steady moving on horizontal planes, the idea of planning smooth trajectories for robot motion has been proposed by several researchers [5] [6] [7] . The trajectory of quadruped robot like Cubic Trajectory, Cubic mixed with the linear Trajectory, Sinusoidal Trajectory and quintic polynomial Trajectory has been widely used. In this paper, quintic polynomial mixed with the linear interpolation algorithm based on static gaits were presented to make the robot do steering and straight line motion. This paper is organized as follows. Kinematic model of the quadruped robot though D-H algorithm have been established in Section II. According to different forms of movement, gaits planning method underling low contact impact is presented. And then the foot trajectory underling low contact impact was scheduled based on the walking gait in Section III. In Section IV, the steering and straight line movements of the robot were simulated, the simulation experiments show that the quadruped robot motion stably on horizontal planes without impact and sliding. Section V gives the conclusions of the paper.
II. KINEMATIC MODEL OF THE QUADRUPED ROBOT
The quadruped robot of this paper is about 0.6m long, 0.4m wide, 0.5m tall, and weighs approximately 30kg. On the premise of not increasing the redundancy, the performance of the quadruped robot is satisfied, each leg of the quadruped robot has 3 degrees of freedom, actuated by motors with large gear ratios, two at each hip and one at each knee. For convenience of control and design, front and rear legs have same configuration. 
D-H PARAMETERS
Based on the homogeneous transformation matrix, we get the pose matrix of the foot
Here we are only concerned about the position of the foot. 
Vice versa, each joint angle of the leg can be obtained with the assistance of the inverse kinematics as long as give the desired location of foot in task space.
III. GAIT TRAJECTORY PLANNING
A. Gait Planning Different gaits, such as walk, pace, trot and gallop, are widely used in quadruped animals to adapt to rough terrain environment and speeds. In this paper, we use the quasistatic walking gait that the projection of the center of gravity (COG) of the quadruped robot is always within the polygon which is composed of the supporting legs [8] .
One of six swing possible leg sequences satisfies the requirement that the COG of the quadruped robot always within the polygon as the quadruped go straight. The gait cycle as follows: Front-Left to Back-Right, Back-Right to Front-Right, Front-Right to Back-Left. An overview of this cyclic gait is sketched in Fig. 3 . The sequence diagram of walk is shown in Fig. 4 . 
B. Zero Impact Trajectory Planning
In order to prevent the foot contact with the ground to generate a larger sliding and impact, [5] mentioned that the swing leg fall back before the foot contact with the ground and the body move along the Z axis at a constant speed during the swing phase. However, the trajectories of foot in [5] still have problem, such as acceleration jump at began and end point, which may enlarge the contact forces between ground and the foot. [6] presented the algorithm of trajectory planning that the velocity and accelerations along the X axis of the swing leg is zero at movement of touchdown and liftoff in (6 
Here are some important design aspects for the gait planning:
• The body move along the forward direction at a constant speed during the swing phase.
• The trajectory of the foot is like an animal.
• The planned trajectories of foot are continuous not only in displacements and velocities but also in accelerations.
• Avoid unnecessary movements In this paper, quintic polynomial interpolation algorithm mixed with the linear has been used to solve the problem of jump acceleration. 16384 10240 5120
Looking at Fig. 5 , it is apparent that the unit of the trajectories the planned trajectories are continuous not only in displacements and velocities but also in accelerations. are geometry parameters of the torso specified in Fig. 2 .
IV. THE SIMULATION EXPERIMENT
In order to verify the accuracy of the calculation of the kinematics and the validity of gait trajectory planning algorithm, simulation has been carried out in this paper. To improve simulation efficiency further, the virtual prototype model of the quadruped robot closed to actual situation was built after reasonable simplification. The body weighs 30kg, stride length is 120mm, the maximum height of leg raise is 40mm, cycle time is 0.5s.
After planning the foot trajectory walking in a straight line based on the walking gait, the joint angles, which calculated by inverse kinematics are transferred to drive the motor. The results of simulation are shown in Fig. 8 to Fig.  10 . The torque of hip and knee have been shown in Fig. 9 , which indicate that there is no impact during walking. When the quadruped robot do steering motion, rotation angle is 20 degree, the maximum height of leg raise is 40mm, cycle time is 2s, complete 360 degree arc motion need 18 cycles. The results of simulation are shown in Fig.  11 to Fig. 13 . Trajectory of COG is a continuous arc curve, which indicate that the body do a continuous, smooth steering motion without unnecessary movements. In this paper, a gait planning method underling low contact impact is presented to make the quadruped robot have stable gaits on horizontal planes. The results of simulation show that the trajectories of foot based on walk gait are continuous and smooth, the quadruped robot can stably motion on horizontal planes without impact and sliding.
